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CHAPTER I 
THE PROBLEM AND ITS JUSTIFICATION 
I THE PROBLEM 
This pilot study is concerned with achievement in 
arithmetic as indicated by the mastery of the multiplication 
!j 
II 
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facts when these facts have been taught meaningfully. Since 
the multiplication facts are the basis of the division facts, I 
this thesis will attempt to determine whether transfer of !1 
I 
training occurs when the understanding of multiplication re- 11 
lationships carries over into the corresponding relationships 
in division. 
II JUSTIFICATION 
Many recent research studies in arithmetic offer 
evidence that true competence in the arithmetic processes 
is more adequately accomplished when arithmetic is taught by 
the ~meaning theory." 
It is the purpose of this study to proceed upon this 
evidence and examine the transfer of training which may occur 
when arithmetic has been taught meaningfully. While research 
upon this particular phase of transfer is rather meager, the 
indications are that since transfer is not an automatic pro-
cess but something that must be worked for, an intelligent 
II 
I 
I 
I 
application of the "meaning theory" in arithmetic with its 
broad postulates of understanding and logical development 
would seem to o~fer a promising means of facilitating trans-
fer of training. 
The exigencies of modern curriculum plannin& into 
which so many varied subjects are crowded, r equires a most 
efficient allotment of time if the child in school is to 
obtain the maximum benefit for the time expended upon study. 
Swift and accurate transfer of training in any given subject 
is certainly an end to be desired, so that the greatest 
possible achievement will result for a certain scheduled time. I 
In arithmetic, probably more so than in any other 
subject, since arithmetic is the most logical of learning 
areas, an efficient transfer of training wil~ certainly add 
to the pupils' power to master quantitative thinking. This 
is a desirabl~ goal. 
This study,which is explorative in nature, grew out 
of and extended a previous study which sought to test under-
standing of the basic multiplication facts. 
I 
One purpose of this pilot study is to indicate certain 1 
areas of understanding and transfer which may lead to more 
definitive studies. 
An attempt will here be made to determine whether 
transfer of training occurs when children have been taught 
r 
I 
I 
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by the " meaning t heory" of arithmetic. 
There remains much experimental work to be done on 
transfer ••• Not only do we need to learn more about 
what is transferred but we need to experiment to see 
how transfer can be facilitated. But, and this is 
important for all teachers, experimental research 
indicates that transfer is a fact. How to make the 
percentage of transfer larger is a problem tha t every 
teacher recognizes 1and that every teacher works on in his own classroom. 
SCOPE 
This pilot study was conducted by the writer in a 
fourth grade class of 33 children. 
1 Myron F. Rosskopf, "Transfer of Training, n 
Twent~-First Yearbook of the .National Council of Teachers of 
Mathematics. (Washington,-n:c. 1953) pp. 219-220 
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CHAPTER II 
LITERATURE AND RESEARCH ON MEANING AND TRANSFER IN ARI THMETIC 
I. CONCEPT OF MEANING 
Until the last ten years, meaning has had little 
place in the study of the arithmetic process. All too often 
the "drill method" dominated instruction. Even to the 
of arithmetic to write of meaning using the term as a catch-
phrase. I~gazines, articles, books, methods and techniques 
are freely quoted and discussed at length regarding meaning, 
but some doubt arises as to whether everybody is talking 
about the same thing. Some persons differ in their thinking 
about the experiences from Which meaning is derived. There 
are some who believe tnat meaning is derived from the nature 
of number and the number system, while others believe that 
meaning is derived from the everyday concrete quantitative 
problema and experiences. 
Van Engen on the other hand, considers meaning to be 
a substitution process and distinguishes meaning from under-
standing. He states that; "Meaning in its semantic sense, 
is a substitution process. It is a substitution of symbol 
for object, or symbol for symbol, or symbol for concept. 
l " 
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Understanding is an organizational process." In this process I I 
the teacher provides the situation where the learner may II 
·• discover for hims·elf the arithmetical truths and fit them into 11 
his existing conceptual structure. 
There is no coercion on the part of the teacher as to 
the pattern of thinking which the child is to use. Rather, 
the teacher encourages the child,through discovery, to master 
the relationships of arithmetic so necessary to understanding. 
II 
I 
I 
It is this technique of discovery through which the child Jl 
masters understanding. It is this technique of discovery 
which motivates the child to extend his arithmetic concepts 
logicall7 to fields yet to be mastered. 
In dir-ect contrast to this, the traditional method of 
te~ching imposed arithmetic upon the child by telling and 
then drilling, and provided little or no opportunity for the 
child to discover number relationships for himself. This 
traditional method of arbitrary arithmetical associations 
'I 
-- ---
to be governed by the stimulus-response method seems to have 
been rather thoroughly discredited by the weight of modern 
research. It is an axiom among students of modern arithmetic 
l Henry Van Engen, "The Formation of Concepts," 
Twenty-First Yearbook of the National Council of Teachers 
of Mathematics. (Washington, D.c. 1953) p-~6 
--------
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that "Dissatisfact i on with traditional ari thmetic has been 
voiced for many years. "2 In t h is respect, Buswe113 also 
observes: "one of the conspicuous gains of the last fifteen 
years has been the rather general acceptance of the idea 
4 that arithmetic must be taught meaningfully." Stokes brings 
out that: "as the child grows through meaningful experiences 
he gains power; he acquires understandings that give meaning 
to subsequent experiences." Here Stokes hints that transfer 
may depend to a great extent upon understandings previously 
lear ned, which make meaningful subsequent number experiences. 
However, we must interpret the above excerpt with a bit of 
caution, for as Reisa 5 so well states: 
It takes time to arrive at generalizations. A child must 
notice likenesses and differences in various situations. 
He must be provided with experiences where he can dis-
cover generalizations for himself. 
2 Ben A. Sueltz, "Measuring the Newer Aspects of 
Functional Arithmetic," Elementary School Journal, (November 
1949') 47:323 
3 Guy T. Buswell, "Methods of Studying Pupils' 
Thinking in Arithmetic," Su~p lementary Educational Monographs 
li£• 70 (November 1949,) p-5 
4 c. Newton Stokes, Teaching the Meanings of 1 
Arithmetic,{New York: Appleton-Century-Crofts, Inc. 1951) p-24 
5 Anita Reiss,"The Meaning of Meaningful Teaching of 
Arithmetic," Elementary School Journal, (1944} 25:31 
~eiss seems to have touched upon the heart of meaningful 
arithmetic in t his statementi i.e. meaningful arithmetic 
involves discovery. The teacher at the elementary level 
must decide for herself W2at related meanings, principles 
and generalizations are to be drawn from her presentation 
of meaningful arithmetic. The relationship aspect of arith-
metic has only of late been emphasized and modern authors 
seem to agree that it is this knowledge of relationships 
I 
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' 
which gives insight to the learner concerning the true under- j! 
stand i ng of arithmetic. 
It is significant according to Wheat6 tha t "wherever 
elementary school teachers build up patiently step by step 
the simple meaning inherent in ar i thmetic all pupils grasp 
,. 
the meaning and profit thereby." In this modern day where 
education is solicitous concerning the ~ogress of the slow 
learner it is very significant that Wheat's statement in-
eludes "all pupils." This would seem to indicate that the 
slow learner as well as the bright pupil profits by arith-
metic taught meaningfully. 
I 
I 
6 Ha r ry G. Wheat, "Why Not Be Sensible About Meanings?: ~ • 
The Mathematics Teacher, ( 1945) 38:101 
,, 
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If arithmetic is to be taught and learned meaningfully, 'I 
then "learning" must be more than the forming of arbitrary l1 
associations between stimulus and response. It must irtvolve 
thinking and the reorganization of experience. Such thought ·I 
,, 
involves an insight into the relationships among numbers so 
that a logical development results from known discoveries 
to generalizat ions. 
These generalizations are directly opposite to the 
traditional drill method which demands memorization on the 
part of the learner. Abstraction in the arithmetical process 
I 
is better mastered when the faculty of reason is the basis lj 
of the understanding rather than mere memorization. By way 
of emphasis concerning the a bove, the importance of general-
izations for learning, retention, and transfer is so great 
that an entire chapter in the Twenty-First Yearbook of the 
National Council of Teachers of Mathematics 7 is devoted to II 
I 
the transfer of t~aining. This is not to say that there are 
not many pupils taught by the traditional method who have 
mastered a mass of isolated and unrelated facts by consistant 
I 
drill and persistence. True, they succeed in acquiring a 
II 
certain degree of skill in the recall of these facts. I 
7 Twenty-First Yearbook of the National Council of j 
Teachers of Mathematics, Chapter-vrr;-(washington, D.c. 
1953) pp-205-227 'I 
II 
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However, they fail to recognize the true relationships in-
herent in the facts, they do not acquire insight into the 
real meaning of the facts, nor can they develop an extension 
of such numerical relationships. 
Proficiency in computation rather than thinking has 11 
all too frequently been the goal of arithmetic teaching in 
the past. 8 According to Sueltz, "School programs too 
frequently set proficiency in computation as the major aim 
of instruction in arithmetic and give little attention to 
basic understandings, meanings, judgements, etc." This 
observation of Sueltz seems to be a common finding for many 
research students in modern arithmetic. Without - exception, 
they decry the short-sightedness of the stimulus-response 
method which robs the child of that opportunity to grow in 
arithmetical power , and of the insight to understand the 
relationships inherent in our d·ecimal number system. However, ,1 
the concept of meaning in arithmetic has taken firm root 
9 
among modern day arithmetic authors, for we find Glennon 
observing that: 
We shall never again find ourselves in that stage of 
development in which we advocate as was done in an 
8 Sueltz, ££·Cit., p-329 
9 Vincent J. Glennon, "Testing Meanings in Arithmetic," 
Supplementary Educational Monographs No. 1Q (November 1949} 
I p-64 . 
II 
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arithmetic course of study written in 1914, that nothing 
but drill day after day, week after week and month after 
month, will fix these memory facts. 
He goes on to say, and with a wealth of evidence, that 
"the theory of education and of the learning process in par-
ticular, that supported such a statement although still 
widely prevalent in practice is being undermined by the 
10 findings of GOmpetent research students." 
Thus, it may be seen that the meaning theory in 
arithmetic is rapidly growing, although some persons seem 
to do no more than give lip-service to this point of view. 
The emphasis upon understanding advocated by the new school 
of thought in arithmetic has the added advantage not only of 
making easier the understanding and learning of the immediate 
problem but of subsequent problems as well. 
This directly concerns the attitude of the children 
11 
towards arithmetic because as Douglas and Spitzer point 
out: 
learning with understanding has (or may have) the effect 
of establishing in children the habit of expecting to 
understand. Having this new habit children insist upon 
mastering each new task in a meaningful manner. 
10 Glennon, loc.cit. 
11 Harl R. Douglas & Herbert F. Spitzer, "The 
Importance of Teaching for UnderaJtanding," Fortl-Fifth 
Yearbook of the National Societl for the Study of Education, 
Part 1 (cnfca.go, Chicago Universi~Press, 1946)p-l5 
I, 
I 
J 
I 
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In other words, once having been introduced to the 
joy of accomplishment and to the thrill of new discovery 
with ita subsequent mastery of a given arithmetical concept, 
children will frequently insist on knowing the relationships 
inherent in every new arithmetical situation. Thus, we 
. 12 
must agree with Brownell when he submits that we should 
"make arithmetic less a challenge to the pupil's memory and 
more a challenge to his intelligence." The findings of 
modern research might well be summed up in a statement by 
II 
II 
~ I Bond: I 
~fuile the needed facts and procedures must be better 
taught than is now usual; this result will not be 
realized unless opportunities for the children to do 
quantitative thinking about things that are real and 
vital to them are provided. 
12 w. A. Brownell, "Psychological Considerations in 
the Learning and Teaching of Arithmetic," Tenth Yearbook of 
the National Council of the Teachers of Mathematics. --
(Bureau of Publications, Teachers College, Columbia Univer-
sity, New York, 1935) p-31 
13 E. A. Bond, "Recent Changes in Point of View 
Relating to the Teaching of Arithmetic," ~athematica 
Teacher, 1937, 30:175 
'I 
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II TRANSFER OF TRAINING 
So, the newer approach to the teaching of arithmetic 
may be summed up by the statement that true learning of 
number relationships evidences quantitative thinking. Since 
this new technique postulates better understanding of methods 
advocated by new research, we may here examine the transfer 
of training resulting from the newer techniques and contrast 
it with traditional methods. 
Modern literature on the transfer of training recog-
nizes three findings which are generally admitted by research 
14 
students. Rosskopf sums these up by observing that: 
Firat, transfer is a fact ••• ; second, transfer is not 
an automatic process that can be taken for granted, 
but it is to be worked for ••• ; and third, the amount 
of transfer is conditioned by many factors ••• 
15 
Hedrick endorses this point of view whe ~ he says: 
II 
il 
li 
I 
We should, in fine, teach for transfer of training •••• 
It appears to me therefore, that we shall get very 
little such "transfer" unless we make it a part of our 
business to teach it: every day and at every opportunity, 
in ~::::t::::· t::d q::.:::l 0;u::::;~ i:;t::::::ng be- ~l 
ginning with an examination of transfer as related to the 
teaching process has progressed through the identical 
14 Myron F. Rosskopf, "Transfer of Training·," 
Twenty-First Yearbook of the National Council of Teachers of 
Mathematica,(Washington, U:C. 1953,) p-205 --
I 
I 
I 
I 
15 E. R. Hedrick, "Teaching for Transfer of Training 1 
____ _j_~~Matherr:~tics," . The_Mathematics Teacher, 1937 30:51_ _ :1 
') 
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elements theory championed by Thorndike, the generalization 1 
theory, until at the present time, the theory of reorganiza-
tion of experience has become rather firmly established. 
However, the se three theories of transfer of training are not 
mutually exclusive. 
Among those who have played a large part in the ex-
perimentation upon transfer, probably Judd 16 was the first 
to experiment with the effect of knowledge of a principle 
i nvolved in a task on transfer. He was the first to point 
out the i mportance of understanding concepts. He insisted 
tha t: 
••• the end and goal of all education is the development 
of systems of ideas which can be carried ove r from the 
situations in which they were acquired to other situa-
tions. 
17 18 Katona and Hendrix followed Judd's lead and made val-
uable contributions which had an influence upon how to teach 
arithmetic for efficient transfer. They both stress the 
16 c. H. Judd, Education as Cultivation of the 
Hi gher Mental Processes, (New York: The JviacMillanco.-1936,) 
p-177 
17 George Katona, Organizing and Memorizing, 
(New York, Columb ia Univers i ty Press, ~40,) pre f ace X:VI and 
318 
18 
Training," 
Gertrude Hendrix, 11A New Clue to Transfer of . 
Elementary School Journal, 48:197-208; 1947-48 
I 
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tl 
!I 
'I I, 
I' 
I 
I 
~ 
I 
I 
I 
-·-=J I 
\I 
' 
I 
l 
importance of discovery, of exploration, of reconstruction 
or reorganization of experience and the non-verbalized 
knowledge of a principle. They have shown that the per-
centage of transfer is larger when a meaningful method of 
instruction is used that does not stress verbalization of 
the principle involved in the assigned tasks. 
Thus it may be seen that the newer concept of mean-
ingful teaching involves discovery, understanding and re-
organization, so that the student will be able to reconstruct 
quantitative experience in terms of concepts he has learned. 
This type of teaching stimulates the growth of quantitative 
thinking and seems to offer the best prospect of maximum 
transfer. Research substantiates that teaching by the mean-
ing theory will produce the greatest transfer of training. 
19 In McConnell's investigation one large group of 
second grade pupils learned the addition and subtraction 
combinations by procedures which emphasiz.ed discovery, organ- 1 
II 
I 
ization and generalization. Another group engaged in activ-
ities which stressed authoritative identification, mixed 
practice, and specific drill. The experiment lasted eight 
19 T. R. McConnell, DiscoverS Versus Authoritative 
Idantlfication in the Learning of C ildren, University of 
Iowa Studies in~ucation Vol ~No. 5 September 15, 1934 
pp.- 13-62 
'lr =-
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months. During this period three tests of transfer to un-
taught processes were administered and a fourth was included 
in the final battery. The differences on all four tests 
favored the meaningful procedure although only one was 
statistically significant. 
Orata20 used a broader definition of transfer of 
training when he included habits, attitudes and ideals as 
being properly in the field of transfer of training. 
We n:ay define transfer of training as that process of 
using or applying previously acquired information, habit, 
skill, attitude or ideal in dealing with a - relatively new 
or novel situation. 
Another appraisal of the importance of teaching under-
standing in the learning of arithmetic comes from Douglas and 
21 
Spitzer who point out that this type of learning is more 
economical of time and effort which surely is a desirable 
goal for a conscientious teacher. "Meaningful learning is, 
then, more economical of time and effort than is senseless 
learning." 
The need of teaching for transfer is indicated by 
Sueltz who observes that the ability to perceive simi-
larities between similar situations is not native to every 
pupil. This ability to transfer learning is one of the 
20 Pedro T. Orata, "Transfer of Training and 
Reconstruction of Experience," The Ma. thema. tics Teacher 
(1937) 30;99 -
21 Douglas and Spitzer, loc.cit. 
desirable achievements of the meaning theory in the newer 
arithmetic. 
Many pupils lack the ability to sense the similarity 
between similar situations and to grasp the "essential 
element." However, interviews with them ,show that they 
can learn this process. Is it not correct to say that, 
if we do not teach for this type of transfer, then we 
had better close the schoolsf-22 
It is important to note that even in meaningful 
arithmetic, some mastery of the stimulus-response type is 
needed. Acquisition of this type of skill, however, is to 
be sought only after concepts, understandings and relation-
ships have first been discovered by the student • 
••• some processes in mathematics are used so much in 
subsequent work that a student must have the sort of 
mastery that is of the stimulus-response sort. That is, 
a student must have this sort of mastery if he is going 
on into subsequent mathematical work.23 
Some experiments have shown that a child who learns 
arithmetic in a mechanical way, devoid of understanding, will 
certainly fail to transfer even those skills which he may 
obtain through this method as compared with the child who 
learns by meaning. As Bond points out: 
The child that learns the facts and manipulations of 
arithmetic in a mechanical way is not learning arith-
metic in the sense that he has understanding of 
22 Suelt~, ££•cit. pp-329-330 
23 Rosskopf, ~-cit. p-212 
• 
• 
quantity when such an understanding is needed. Further-
more, such a child will not be so good a computer as one 
who has learned the facts and processes of arithmetic 
with meaning. In other words, a program that is formal 
and seta out to secure mastery of the facts of arithmetic 
by sheer deadening drill not only offers a meager course 
but it fails to accomplish the mastery at which it aims. 
./ 
I am voting against such a pr~yam because it is so 1
1 
meaningless and unproductive. 
Since memory is an important factor in the transfer of 
25 
training, Mor~on•s observation on the importance of the 
discovery of mathematical concepts is very interesting • 
••• new truths which one discovers are much less likely 
to be lost or forgotten than those which come as state-
ments made by books or persons. -- And if 'such truths are 
forgotten, there is a good chance that they can be re-
discovered ••• Pupils can be led to discover sums and 
differences- for the primary addition and subtraction 
facts by counting groups; products for the primary multi-
plication facts by adding ••• 
The importance of generalizations to transfer of train-
ing is pointed out by McConnell who requires that transfer II 
be shown as evidence that learning has actually taken place. 1! 
Thus be points out the importance of meaningful learning to 
the transfer of learning. 
There was a time when we looked upon transfer of train-
ing as nice to have but so extremely difficult to get 
24 Bond 1 .....QP_. cit. p-177 
25 R. L. Morton, "The Place of Arithmetic in 
Various Types of Elementary School CUrriculums," 
~~lllementary Educational Monographs No. 70,(November 1949) 
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\: that the school should rest its case upon the pupils' 
1~ acquisition of specific adjustments to specific situ-
1 ations. Now we are recognizing the force of Judd's 
I statement that the "end and goal of all education is 
the development of systems of ideas which can be 
carried over from the situation in which they were 
acquired to other situations." In fact, we now realize 
that transfer provides the only indubit~gle evidence 
that learning actually has taken place. 
A subject like arithmetic which is so rich in the 
number of relationships involved in its study, is a fertile 
field for the development of transfer, for these relationship~! 
I 
I 
I 
I 
II 
may readily be discovered, understood and extended with the 
proper meani ngful approach. 
Nothing whether idea or skill, which is acquired in 
school is ever used in precisely the way in which it 
was learned. There are always differences, no matter 
how minor, between the learning situation and the 
situation of use. If the gap is to be bridged at all, 
it is bridged by the discovery of relationships. We 
deal here with the psychological phenomena of transfer. 
It is characteristic of that learning which is devoid of 
understanding to ~e inert, not susceptible to transfer 
and application.2 
The importance of acquiring generalizations from 
concrete situations is fully appreciated by any teacher who 
is engaged in teaching meaningful arithmetic, for such a 
teacher may well expect a high degree of transfer on the 
part of the learner. 
I 
I 
I 
\ 26 T. R. McConnell, "Recent Trends in Learning Theory," l 
Sixteenth Yearbook of the National Council of Teachers of 
Mathematics, (New York; Bureau of Publications, Teachers-
Colle_ge, Columbia University, 1941) p-286 
27 Douglas and Spitzer, ~-cit. p-16 
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Bond says; 
.•• the chances of transfer to other situations, that 
have not been specifically prepared for, are far greater 
if the facts and skills of arithmetic are taught and re-
taught w~th the meanings that2~esult from using these facts in concrete situations.~ 
Since this study attempts to determine whether trans-
fer takes pla ce ,fr om. taught to untaught processes, the ob-
serva tion of McConne 1~ who made an investigation of the 
contribution of meaning and generalization to transfer in 
arithmetic with a second grade arithmetic class, points out 
I that teaching w:i. th meaning is more effective for 
1
even to untaught processes. 
transfer 
I 
••• Tests of transfer to untaught processes were 
administered •••• The differences on all four tests 
favored the meaningful procedures ••• 29 
If we are to teach for transfer, the problem of for-
getting should be kept in mind, since that which is not 
retained cannot be transferred. The problem of forgett i ng 
is an i mportant factor in the acquisition of the many skills 
I 
which the modern school seeks to develop in the learner. 
I This is expecially true of arithmetic where so much of the 
new work is an extension of the concepts and relationships 
!already acquired. Brownell points out that when such for-
I getting occurs, arithmetic which has been taught meaningfully I 
II 
28 Bond, £12• cit. p-176 1! 
29 Mc Connell, ~.cit. p-285 
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is more easily rehabilitated than mechanically learned 
arithmetic. 
Meanings should be taught in arithmetic as they facili-
tate learning and increase chance of transfer. Mean-
ingful arithmetic is better retained and more easily 
rehabilitated than mechanically learned arithmetic.30 
As far as the pupil is concerned, perhaps one of the 
-~~-=-=---
most important effects of arithmetic taught with meaning lies 
in the development of an attitude favorable to the further 
extension of his mathematical learning. The discoveries, 
understandings and concepts which he masters create in him 
a confidence which readily disposes him for further explo-
ration into the field. Browne1131 also points out: 
From the standpoint of the pupil meaningful arithmetic 
gives asauranc~ of retention ••• equips him with the 
means to rehabilitate quickly skills that are tempo-
rarily weak ••• contributes to ease of learning by 
providing a sound foundation and transferable under-
standings ••• provides him with a versatility of attack 
which enables him to substitute equally effective pro-
cedures for procedures normally used but not available 
at the time ••• makes him relatively independent so 
that he faces new quantitative situations with confidence. 
30 Wm. A. Brownell, "When is Arithmetic Meaningful?" 
Journal of Educational Research, (March 1949) 38:494 
31 Wm. A. Brownell, "The Place of Meaning in TeHching 
Arithmetic," Elementary School Journal, (September 1946) 
47:263 
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CHAPTER III 
PROCEDURE 
I. I NTRODUCTION 
Standardized testa on meaning and transfer of training , 
in Multiplication and Division were unavailable. 
1~e paucity of research studies in the area of testing 
for meanings justifies the conclusion that this is one 
of the most neglected educational problems of the day. 
The lack of research is a direct result of the general 
lag in the development of adequate methods and devices 
for measuring underatandings and meanings.l 
Testing in the field of arithmetic has fallen far behind 
testing in such fields as reading, science, or the social 
studies.2 
If understanding s are our goal, at least in part, our 
practices o£. evaluation must include means of measuring 
such outcomes. If they do, children will quickly enough 
adapt their learning procedures to meet this demand.3 
1 Vincent J. Glennon, "Testing Meanings in Arithmetic, ~ 
Supplementary Educational Monographs No. 70 (November 1949) 
p-68 
2 Herbert F. Spitzer, ."Procedures & Techniques for 
Evaluating the Outcomes of Instruction in Arithmetic," 
Supnlementary Educational Monographs ~· 66 (October 1948)p-21 ,
1 
3 Douglas & Spitzer, "The Importance of Teaching for 1! 
Understanding," Forty-F'ifth Yearbook of the National Society j 
for the Study of Education, (Ghicago,Illinois: University II 
of Chicago Press 1946) p-23 
II 
1 
General Objectives 
For the purpose of this study it was determined to 
construct a battery of testa which would qualify under the 
following general objecti ves: 
1. To test the pupils' understanding of the meaning 
of the multiplication facts. 
A rather complete list of understandings to be tested 
has been devised by Storm4 and recomrnended for certain uses 
by the Third Annual Conference Coramittee on Arithmetic. 
In a Supplementary Monograph, this Commit t ee suggested two 
valuable uses of this list of understandings; 
The conference committee suggests two valuab le uses of 
this list of meanings. First, it provides a series of 
concrete i terns to supplement the many theoretical dis-
cussions of meaning in ar i thmetic, thereby giv i ng the 
teacher a set of specific goals. Second, the list pro-
vides a basis (a) for research in organizing the content 
of arithmetic in relation to the various levels of 
maturation of the child and (b) for research in develop-
ing new types of tests which recoggize the current 
emphasis on meaningful arithmetic. 
2. To provide a medium for the measure of transfer 
of training. 
4 w. B. Storm, "Ari thmetical Meanings That Should Be 
Tested," SupplementarE Educational Monographs No. 66, 
(October 1948) pp.-26- 8 --
5 Third Annual Conference Committee, Arithmetic 1948, 
Supplement~ry Educational Monographs No. 66, (October 1948) 
Editor's Note, p-26 
-' -----
6 Glennon points out that one of the causes for the 
1 lag in the development of . adequate methods and devices for 
ll measuring growth in understandings and meanings in arith-
1 metic is due to the shift in the role of arithmetic from a 
science of number to that of a so-called tool subject. He 
further states that this change in the role of arithmetic 
has brought with it a change in the aims and objectives in 
the teaching and learning of arithmetic and that change 
in turn brought with it a changed emphasis in the methods 
of measuring the outcomes of learning in arithmetic. 
§pacif ic Objectives 
1. The objective of Test 1, {MULTIPLICATION -
SUPPLYING THE M:ISSING PRODUCT) seeks to measure 
the child's degree of accuracy in automatic recall. 
2. The objective of Test 2, (MULTIPLICATION- MODIFIED 
ALGORISM) is_ to determine whether the child under-
stands the multiplication facts in terms of the 
groups which compose them. 
3. The objective of Test 3, ( MULTIPLICATION-SUPPLYING 
THE MISSING FACTOR) is to test the child's under-
standing of the relationship of a product to one 
of its factors. 
6 Glennon, ~cit. p-70 
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4. The objective of Test 4 1 (:MULTIPLICATION-SHORT 
FORM OF ADDITION) is to test understanding of 
multiplication as a short way of finding the sum 
of equal numbers. 
5. The objective of Test 5 {MULTIPLICATION-SUPPLYING 
THE NEXT F'ACT IN- MAGNITUDE IN A GIVEN TABLE) is 
to determine whether the child who has not been 
taught the multiplication tables as such, has so 
mastered the concept of equal g~ouping, that when 
groups are arranged in a logical order of magni-
tude, be can a ee the relationship between these 
equal groups and supply the missing fact. 
6. The objectives of Test 6, (DIVISION-SUPPLYING THE 
MISSING QUOTIENT) are (a.) to determine whether 
the pupil has mastered the division facts with 
dividends less than 25, (b) whether a pupil who 
has been taught multiplication meaningfully and 
who h a.s been taught division facta with dividends 
less than 25 can extend his mastery to untaught 
division facts with dividends over 25. 
7. The objective of Test 7, (DIVISION-MODIFIED 
ALGORISM) is to determine whether the pupil has 
mastered the. grouping involved in the division 
facts when the division algorism is not used. 
8. The objective of Test 8, (DIVISION-SUPPLYING THE 
MISSING NUMBER IN THE DIVISION ALGORISM}_ is to 
determine whether the pupil has mastered the re-
lationships involved in the division facts when 
an incomplete division algoriam is used. 
II CONSTRUCTION OF THE TEST 
TEST 1. MULTIPLICATION-SUPPLYING THE MISSING PRODUCT. 
This test consists of 50 multiplication examples in 
which the pupil is required to complete the multiplication 
fact by writing the missing product. 
Although this test might seem to be of the stimulus-
response type, perhaps a word of explanation at this point 
might furnish some added background for understanding this 
particular test form. Most of the thirty-three children 
whose achievement this study attempted to measure, have had 
the rather fortunate experience of being taught by meaningful 
methods from the first grade through the third grade and 
through two months of the fourth grade when these tests were 
given. Their study of the multiplication facts was an ex-
tension of the learnings and understandings acquired in their 
first two years of school. 
They were familiar with basic concepts of arithmetic 
such as grouping, concept of tens, pl2.ce value and other 
concepts usually acquired in the first two grades as a result 
, 
I 
I 
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of meaningful teaching. _ Although it might seem that Test 1, 
is designed to test traditional teaching rather than meaning-
ful teaching and although, too, a pupil taught in the tra-
ditional pattern might score equally well, it was thought 
necessary to test automatic recall, the results of which 
could be used as a basis of comparison throughout the later 
tests involving meaning. It seemed obvious to the writer 
i 
that the child trained in meaning also needs a definite amount 11 
of practice in recall if his extension of meaning into other 
numerical relationships is to be accurate. This practice 
in recall for this particular class was largely the presen-
tation of the multiplication algorism on tachistoscopic 
slides. This practice to be sure came only after the class I 
j 
understood the meaningful relationship inherent in the groups I 
I 
which compose the multiplication facts. ;I 
Perhaps most of the recall measured by Test 1, is 
and others where the algorism was modified. 
TEST ~ 2. MULTIPLICATION - MODIFIED ALGORISM 
Test 2 presented to the pupil 20 multiple-choice 
questions involving the understanding of the various groups 
contained in the multiplication facts. 
answer the child must first be able to read and interpret the I 
I 
I 
-, 
question i.e. "HOW MUCH ARE EIGHT 3 1 s n where the number 3 
is expressed by a word rather than by a number and second, 
"HOW MUCH ARE 6 NI NES" where the size of the group is also 
expressed by a word. 
At the third grade level the word eight or the word 
nine presents little difficulty in reading. However, eight I 
3's, even though easily read by the child, presents a problem 1 
J 
:I 
in understanding, because he must comprehend the quantitative 
situation involving eight 3 1 s and 
decimal system of tens · and ones. 
then convert it to our 11 
This requires understanding. ! 
il A similar understanding is required for .§. nines. 
For a 
some measure 
child who reads aloud or audibly only to himself, :1 
of auditory stimulus-response recall might affect ! 
the test outcome. This is true only to a small degree among 
children taking a test because silence is one of the condi-
tions under which the test is conducted. ~o evidence of 
auditory stimulus-response among the children taking this 
test was observed. 
This teat had 5 multiple-choice responses since 
7 Michael and Karnes advise the inclusion of " ••• 
n· 4 and preferably 5 possible answers (choices.) 
at least 
I 
7 William J. Michaels and M. Ray Karnes, Measuring 
Educational Achievement, (New York: Prentice-Hall 1950} p-187 ' 
------- ----
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'I 8 Rinsland agrees wi th t his advice by stating; 11 Be sure to 
II 
.I 
use 4 or 5 choices in each item." 
TEST 3. MULTIPLICATION-SUPPLYING THE MI SSING FACTOR 
1! Test 3 is composed of 28 multiplica tion examples. The 
I II form of Test 3, though seemingly closely allied to the form 
'1 of Test 1 1 involves a new relationship, i . e. the relationship 
I 
between the product and one of its factors in terms of the 
other factor. 
Although the algoriam was in multiplication form, the 
pupil may see the operation as one of division, for if he 
knows how many groups of the given factor are contained in the 
product he can supply the missing factor. 
Since the algorism of the multiplication facts is 
1! customarily written both in the equation form (3x5:15) and in 
5 
I 
the vertical form x3, both types are provided for in Teat 3. I5 . 
Mastery of this form of the multiplication facts would seem to 
1
i lend itself readily to transfer to the corresponding division 
,j re l~ ti onships. 
1 TEST 4 . MULTIPLICATION~SHORT FORM OF ADDITION 
I 
I 
,, Teat 4 presents to the child 18 multiplication examples 1 
[! with 4 multiple-choice responses to each i tern. 
1 
I 8 Henry D. Rinsland, Conatructin~ Teats and Grading 
in Elementarl and High School Subjecta,New York; Prentice-
! Hall 1937) p-1-g-- . 
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Stor~ in his list of fifty-four understandings that 
should be tested, includes that of multiplication as a short 
way of finding the sum of equal numbers, i.e. a short fonm 
of addition. 
TEST 5. !v1UL'I'IPLICATION - SUPPLYING THE NEX.T 
FACT IN MAGNITUDE IN !, GIVEN TABLE 
Test 5 contains 12 items, each item consisting of a 
series of multiplication facts arranged logically in order 
of magnitude. This test is an effort to determine whether 
tbe pupil is aware that though he had studied the multipli-
cation facts by meaningful grouping, the groups themselves 
may be so arranged in the order of magnitude so as to present 
a logical arrangement of magnitude. 
,, 
II 
Since such a logical arrangement involves consistent 1
1
1 
addition of another equal group in a aeries, true understand- • 
ing of the nature of this grouping process should give to the II 
pupil the ability to supply the miss-ing fact iri any series I 
involving magnitude. This class had not been drilled on the 
tables for rote recitation, so rote memory would have but 
little influence on the test results. 
TEST 6. DIVISION-SUPPLYING THE MISSING ~UOTIENT 
This test consists of 50 division examples. It is the 
9 Storm, ...QI>. cit. p-30 
=== =--=-=--=- --=--=-== 
first of the battery where a division operation is indicated, 
since the algorism is in its proper division form. It is 
a most interesting test with this particular group because 
one half of the test comprising the division facts beyond 
those with a dividend of 25 had not been taught. One phase 
of this study, therefore, will deal with a question of 
transfer. An effort will be made to determine whether there 
was transfer from multiplication facts previously taught to 
those division facts which had not been taught. This will 
be in addition to determining what correlation exists between 
this Test 6, and Test 1, which measured understanding of the 
multiplication facts. 
TEST 7. DIV I SION - MODIFIED ALGORISM 
Test 7, consisting of 20 questions with multiple-choice 1 
responses, is primarily set up to measure an understanding of I 
the grouping involved in the division facts. The items of 
this test involve the determination of a certain number of 
equal groups in a given dividend. · The test is arranged in 
multiple choice form, wi th 5 choices available. As in Test 6, 
the equal groups in division beyond 25 have not been taught 
so that a high degree of correlati on between Test 7, and 
Test 2, would show that multiplication facts taught with 
meaning carried over into an understanding of the correspond-
ing relationships of division. 
========T===~==========·-=·------==========================,~==================#========= 
TEST 8. DIVISION-SUPPLYING THE MISSING NUMBER 
IN THE DIVISION ALGORISM 
Test 8 consists of 28 division algorisms, and though 
somewhat similar to Test 3, differs in that the algorism is 
written in its correct diYision form and requires at various 
times not only quotient and divisor, but dividend as well. 
To complete these algorisms requires an understanding not 
only of the equal groups -contained in the dividend, but also 
an understanding of the relationship of quotient and divisor 
and dividend where the dividend is called for. 
Understanding of multiplication relationships such as 
are indicated by the achievement of Test 3, may be correlated 
with the achievement of the pupil in Test 8. A true under-
standing of the multiplication relationships should result 
I in a high degree of understanding with division facts. 
J Given a high degree of mastery and understanding of 
I 
t. 
I II 
I 
the multiplication facts and an understanding of the relation- I 
ships involved in the division facts, it would seem that the 
pupil might transfer much of this mastery to division facts 
which had not been taught, i.e. division facts involving 
dividends beyond 25. 
III. ADMINISTRATION OF THE TEST 
These tests were administered in eight successive 
school days during the latter part of October. 
,, 
I 
i 
I 
All tests were gi ven with close attention to detail 
and a standard procedure was followed. The tests were timed 
at 20 second intervals and enough time was allowed so that 
all but three or four children completed the test. These 
three or four children who failed to complete the test were 
found to be at the lower end of the intelligence quotient 
distribution which for this class had a median of 98. This 
class was fairly representative of an average group. Also 
to be found at the lower end of the score distribution were 
a few children who were transfers from other school districts 
or systems and who presuma.bly had not had meani ngful instruc-
tion previously. 
Since all of these tests followed the same pattern of 
administration, a detailed summary of Teat 1 will be given 
on page 75. With certain corrections due to the difference 
of objective in the various tests, all test procedures 
followed a long the same line. 
CHAPTER IV 
~~ALYSIS OF THE DATA 
I. INTRODUCTION 
Since development of understanding is a desirable 
end of arithmetic instruction, evaluation must play an 
important part as_ a means to that end. 
1 As a matter of fact, according to Brownell, 
"Instruction and evaluation go hand in hand ••• viewed thus, I 
I 
instruction and evaluation are inseparable and mutually inter- 11 
II 
dependent. n 
All modern research seems to point to a more general 
responsibility on the part of the school, not only to develop 
understandings and skill, but also to develop a sound plan 
for measuring growth with respect to those outcomes which 
as evaluation may make apparent. 
1 w. A. Bro~nell, "The Evaluation of Learning in 
Arithmetic, n Sixteenth Yearbook, National Council of Teachers 
of Mathematics, (New York: Bureau of Publications, Teachers 
COllage, Columbia University 1941) p-228 
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2 The Forty-Fifth Yearbook Committee states that; 
There must be a more general acceptance of the school's 
responsibility for developing and measuring growth with 
respect to outcomes which involve understanding -- a 
more general acceptance together with a real attempt 
to do something about it. 
To a certain degree 1 this battery of tests presents 
novel relationships in the understandings of arithmetic, 
quantitative situations which the pupil heretofore developed 
only in an informal manner incident to the understanding of 
the multiplication and division facta. His intelligent 
behavior and achievement in the formal test situation may be 
evaluated as furnishing evidence that he understands the re-
lationships involved. This principle is affirmed by Findley 
3 
and Scates who say: I 
Behavior in familiar situations 
standing, but we cannot be sure 
hand, effective and intelligent 
situations furnishes acceptable 
I 
may be based upon under- , 
that it is. On the other I 
behavior in unfamiliar 1 
evidence of understanding. 1 
An evaluation of the achievement of this class should 
be a fairly reliable guide as to its mastery of arithmetic 
understandings. 
2 "The Measurement of Understanding," Forty-Fifth 
Yearbook of the Naitional Society for the Studl of Education, 
(Chicago; Chicago University Press 1 1943) p-3 1 
3 w. G. Findley and D. E. Sca.tes 1 "Obtaining Evidence 
of Understanding 1 " Forty-Fifth Yearbook of the National 
Society for the Studt of Education 1 (Chicago; Chicago 
University Press 1 19 3~p-46 
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Modern authors are seeking to measure meaning and 
understanding beyond the scope of computation and problem-
solving. This would seem to indicate the existence of 
an area of numerical relationships in our decimal system 
which until ~ecent years has been neglected by teachers o~ 
arithmetic. The extension of understanding into this un-
developed area demands the reorganization and reconstruction 
of previously mastered understandings so that new relation-
ships will be apparent to the pupil, meeting them far the 
first time. I !I 
I 
Evaluation, then, being an integral part of the I 
learning process, enables the teacher to assess to some degree 
the efficiency of learning when arithmetic has been taught 
with meaning. The following tables, graphs and correlations 
will attempt to measure the results of this battery of tests 
with an eye to interpretation of achievement, according to 
the accepted modern definition of meaningful arithmetic. 
II. EVALUATION OF THE TESTS 
TABLE I. MULTIPLICATION-SUPPLYING THE MISSING FACTOR 
The distribution of raw scores on Table I. would seem 
to indicate that a high degree of recall had been achieved 
by this class of thirty-three pupils. Since the highest 
possible score was 50, the fact that twenty-six of the 
thirty-three pupils scored between 47 and 50, reveals that 
Table I. Distribution of Scores *on Test 1. 
Supplying the Missing Product in Multiplication 
Scores Frequency 
49-50 • • • • • • • • • • • • • • • • 20 
47-48 • • • • • • • • • • • • • • • • 6 
45-46 . •••••••••••••••• 1 
43-44 • • • • • • • • • • • • • • • • 1 
41-42 • • • • • • • • • • • • • • • • 1 
39-40 • • • • • • • • • • • • • • • • 0 
37-38 • • • • • • • • • • • • • • • • 0 
35-36 • • • • • • • • • • • • • • • • 2 
3:5',.34 • • • • • • • • • • • • • • • • 0 
31-32 • • • • • • • • • • • • • • • • 0 
29-30 • • • • • • • • • • • • • • • • 1 
27-28 • • • • • • • • • • • • • • • • 0 
25-26 •••••••••••••••• l 
N S3 
% -- 49.1 M : · 46.6 
Md 
-
48.4 S.D. 6.2 
-
~ - 47.7 l -
~ - .7 
* In Tables I ebrough IX "Scores" refers to number of 
examples done correctly. 
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Graph 1. Distribution of Scores on Test 1. 
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this was an unusual distribution curve with Md. being 48.4 and 
Q being only .7. 
In this distribution also, 85 per cent of the class fell 
t-within the interval M- 1 S.D. It is of interest to note that 
the lowest score in the distribution appears in the 25-26 
score interval. This indicates that even the slow learners of 
the class have achieved some mastery of the multiplication 
facts. It might be well to bear in mind that as we progress 
with an analysis of the statistical data gathered by this 
study, that the class as a whole, for all practical purposes, 
was of average intelligence since it had a median I.Q. of 98. 
The accompanying Graph 1 of this distribution shows 
the heavy concentration of scores in the two highest raw score 
intervals, again indicating a high degree of achievement in 
recalling the basic facts in multiplication 
TABLE II. ~IDLTIPLICATION-MODIFIED ALGORISM 
This distribution of scores indicates a high degree of 
achievement in the understanding of the arithmetical relation-
ships involved, i.e. the number of equal groups contained in 
a given product when half of the examples have the size of the 
!,. group written as a word and the other half have the number of 
groups as a written word. An additional skill was required 
!i 
I 
I 
in selecting the proper response from a multiple-choice 
arrangement. In this test, mere skill in recall is not 
--- -
I 
I I, Table II. Distribution of Scores on Test 2. Multiplication. - Modified Algorism 
Scores Fre~uenc::z: 
20 • • • • • • • • • • • • • • • • • • 17 
19 • • • • • • • • • • • • • • • • • • 6 
18 • • • • • • • • • • • • • • • • • • 4 
17 • • • • • • • • • • • • • • • • • • 1 
16 • • • • • • • • • • • • • • • • • • 1 
15 • • • • • • • • • • • • • • • • • • l 
14 •••••••••••••••••• 0 
13 • • • • • • • • • • • • • • • • • • 0 
12 • • • • • • • • • • • • • • • • • • 0 
ll • • • • • • • • • • • • • • • • • • l 
10 • • • • • • • • • • • • • • • • • • 1 
9 • • • • • • • • • • • • • • • • • • 0 
8 • • • • • • • • • • • • • • • • • • 0 
7 • • • • • • • • • • • • • • • • • • 1 
N 33 
~3 - 19.5 M - 18.2 
Md 18.6 S.D. 3.1 
Ql 17.8 
Q .9 
=-===--=;j=r=-= - -=- ~--=- -- -
Graph 2. Distribution of Scores on Test 2. 
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sufficient because the familiar multiplication algorism bad 
not been used. The pupil who bad been taught grouping mean-
ingfully should have had no great difficulty in determining 
the group relationship involved, as seems to be the ease with 
this class. 
The highest possible score was 20. With a median of 
18.6 and Q being only .9 it may readily be seen that an un-
usual distribution has resulted. In this distribution, 91 
per cent of the class fell within the interval of M ! 1 S.D. 
The accompanying Graph 2 shows a heavy concentration 
of high sesres with a few scattered scores as low as 7. It 
11 
I' 
II 
li 
might be interesting to point 
of this battery of tests, the 
out here that throughout all :1 
same group of pupils consistent- ! 
ly scored at the lower end of every distribution, indicating 
a consistent pattern of poor achievement • . 
TABLE III. MULTIPLICATION - SUPPLYING THE MI SSING 
FACTOR 
Table II I . , like the two preceding tables, indicates 
a high degree of understanding of the factor-product relation- 1 
ship. Given the product and one of its factors the pupil 
must be able· to reconstruct the product in terms of the number 
11 
of equal groups indicated by the given factor. What is the 
---
!!!! 2£ ~ £t the equal grouEs? This process involves under-
standing and this class seems to have mastered this understand-
ing. 
-::.... -=--- -----==-=- ~-~- -----=----r--- -:.__-__ 
[I 
! 
Table III. Distribution of Scores on Test 3. 
Multiplication - Supplying the Missing 
Factor in the Multiplication A1garism 
! ==~================================ 
I 
I 
I 
II 
! 
l 
I 
i II 
il 
II 
Sc.ores Frequency 
27-28 ••••••••••••••••• 20 
25-26 • • • • • • • • • • • • • • • • 1 
23-24 • • • • • • • • • • • • • • • • 4 
21-22 • • • • • • • • • • • • • • • • 2 
19-20 • • • • • • • • • • • • • • • • 2 
17-18 • • • • • • • • • • • • • • • • 2 
-
15-16 • • • • • • • • • • • • • • • • 1 
13-14 • • • • • • • • • • • • • • • • 0 
11-12 • • • • • • • • • • • • • • • • 0 
9-10 • • • • • • • • • • • • • • • • 0 
7- 8 ••••••••••••••••• 0 
5- 6 •••••••••••••••• 1 
- · 
N 
-
33 
% - 'Z/ .6 I M : 24.6 
Md : 26.4 S.D ., = 5.1 
Ql = 22.5 
Q = 2.6 
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Graph 3. Distribution of Scores on Test 3. 
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The highest possible score in this test was 28. The 
median: 26.4, Q3 = 27.6, Q1 : 22.5 and Q : 2.6. This shows 
a heavy concentration of scores in the upper score intervals. 
The accompanying Graph 3 emphasizes this aspect of' the dis-
tribution. 85 per cent of the class fell within the interval , 
of M"t 1 S.D. 
TABLE IV. MULTIPLICATION-SHORT F'ORM OF ADDITION 
This particular test, involving as it does a basic 
concept of multiplication, requires the pupil to reappraise 
the algorism of multiplication and reconstruct the basic 
addition situation for which the multiplication algorism is 
the short form. This certainly requires a high degree of 
I 
under standing, especially because the multiple-choice arrange-
ment of the test provides alternate situations which might 
easily be confused with the true relationship. Although the 
median of this distribution was not so high in relation to 
the maximum score possible, as with the first three tests of 
the battery, yet it is rather high when the difficulty of the 1 
quantitative relationships is considered. 
The highest possible score in this test was 18. The 
median: 15.7,%: 17, .3, Q1 : 12.8 and ~ = 2.3. These scores
1
1 
are rather high and indicate an unde r standing of the concept 
that multiplication is a short form of addition. 85 per cent 
of the cls.sa fell within the interval of M! 1 S.D. The 
accompanying Graph 4 also shows ~ heavy concentration of 
scor es in the upper score _ interv~ls. 
Table IV· Distribution of Scores on Teat 4. 
Multiplication as a Short Form of Addition 
Scores Frequency 
18 • • • • • • • • • • • • • • • • • • • 12 
17 • • • • • • • • • • • • • • • • • • • 3 
16 • • • • • • • • • • • • • • • • • • • 5 
15 • • • • • • • • • • • • • • • • • • • 3 
14 • • • • • • • • • • • • • • • • • • • 0 
13 • • • • • • • • • • • • • • • • • • • 4 
12 • • • • • • • • • • • • • • • • • • • 1 
11 • • • • • • • • • • • • • • • • • • • 0 
10 • • • • • • • • • • • • • • • • • • • 1 
9 • • • • • • • • • • • • • • • • • • • 1 
8 • • • • • • • • • • • • • • • • • • • 0 
7 • • • • • • • • • • • • • • • • • • • 1 
6 • • • • • • • • • • • • • • • • • • • 0 
5 • • • • • • • • • • • • • • • • • • • 2 
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Graph 4. Distribut i on of Scores on Test 4. 
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TABLE V. MULTIPLICATION- SUPPLYING THE NEXT FACT 
IN MAGNITUDE IN A GIVEN TABIF" - -
I The understanding required in this test consists in 
determining from the data given the value of the missing 
interval and supplying the proper step to complete the series . II 
To do this requires that the pupil understand that equal 
groups may be arranged in a logical order of magnitude. This 
class has not been drilled on the multiplication tables as 
such. By a study of grouping, they have discovered these 
facts and each pupil has constructed the multiplication tables 
for himself. 
The frequency distribution of the scores again is 
concentrated in the upper score intervals. The accompanying 
Graph 5 shows that there is hare more of a. scattering of low 
scores than in any of the previous tests. 
The highest possible score for Test 5 is 12. 79 per 
cent of the class fall within M ~ 1 S.D. The median = ll.o, 
Q.3 = 11. 5, Q1 = 8. 5 and Q : 1. 5 • 
TABLE VI. DIVISION-SUPPLYING THE MISSING ~UOTIENT 
This test uses the division algorism. A reappraisal '1 
of the multiplication grouping must now be made and the pupil 
is required to know how many groups of a certain size are 
contained in a. larger group. 
Up to the time this test was given the class had been 
taught only those facts which had dividends of 25 or less. 
I ,, 
Table v. 
,. 
I 
I 
I 
I 
I 
i 
I 
I 
Distribution of Scores on Test 5. 
Multiplication - ·writing the Next Fact 
in Magnitude in a Given Table. 
Scores Frequency 
12 • • • • • • • • • • • • • • • • • • 18 
11 • • • • • • • • • • • • • • • • • • 3 
10 .. ~ ........•.....•• 2 
9 • • • • • • • • • • • • • • • • • • 0 
8 • • • • • • • • • • • • • • • • • • 2 
7 • • • • • • • • • • • • • • • • • • 1 
6 • • • • • • • • • • • • • • • • • • 0 
5 • • • • • • • • • • • • • • • • • • 2 
4 ...... ~ .. ......•.• 0 
3 • • • • • • • • • • • • • • • • • • 1 
2 • • • • • • • • • • • • • • • • • • 1 
1 • • • • • • • • • • • • • • • • • • 0 
0 • • • • • • • • • • • • • • • • • • 3 
N 33 
%· 11.5 M 8.9 
Md 11.0 S.D. 4.1 
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Graph 5. Distribution of Scores on Test 5. 
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Table VI. Distribution of scores on Test 6. 
~upp1y~ng the Missing Quotient in Division 
Scores Frequency 
49-51 • • • • • • • • • • • • • • • 17 
46-48 • • • • • • • • • • • • • • • 6 
43-45 • • • • • • • • • • • • • • • 1 
40-42 • • • • • • • • • • • • • • • 1 
37-39 • • • • • • • • • • • • • • • 1 
34-36 • • • • • • • • • • • • • • • 1 
31-33 • • • • • • • • • • • • • • • 3 
28-30 • • • • • • • • • • • • • • • 1 
25-27 • • • • • • • • • • • • • • • 1 
22-24 • • • • • • • • • • • • • • • 0 
19-21 • • • • • • • • • • • • • • • 0 
16-18 • • • • • • • • • • • • • • • 0 
13-15 • • • • • • • • • • • • • • • 0 
10-12 • • • • • • • • • • • • • • • 0 
7- 9 • • • • • • • • • • • • • • • 1 
N : 33 
~ = 49.4 M • 42.8 
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Graph 6. Distribution of Scores on Test 6. 
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Half the items of this test had dividends over 25 and had not 
been taught. A study of the distribution of the score fre-
quencies makes it at once evident that substantial transfer 
has been accomplished. This will be discussed later. 
The heavy concentration of high scores is evident on 
the accompanying Graph 6. The median = 48.1 1 Q,3 : 49.4, 
Q1 : 40.0 and ~: 4.7. The median here is only 1.9 from the 
highest possible score, (50) indicating some transfer from the 
multiplication facts and some transfer from the concept of 
the division relationships of the taught facts. 91 per cent 
of the class lies within M! 1 S.D. 
TABLE VII. DIVISION - MODI FIED ALGORISM 
1 
I 
II 
I 
\ 
In thts test the division algorism is not used. Rather I 
the correct response depends to a great extent upon the 
pupils' understanding of grouping. Pupils who have been 
taught by the drill method would now experience some diffi-
cult y because this form of problem demands a re orga.niza tion 
of easier group understandings to determine how many times 
a certain group is contained equally in a given number. 
Again, half of the problems use division facts with dividends 
over 25, as yet untaught. Pupils who have been meaningfully 
taught, experience little difficulty in understanding this 
new quantitative re J.a tionship. The transfer of training 
here too, no doubt 1 is substantial. 
The accompanying graph 7 shows that the results are 
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Table VII. Distribution of Scores on Teat 7. 
Division - Modified Algoriam 
Scores Fresuencz 
20 • • • • • • • • • • • • • • • • • • 18 
19 • • • • • • • • • • • • • • • • • • 5 
18 • • • • • • • • • • • • • • • • • • 2 
17 • • • • • • • • • • • • • • • • • • 3 
16 • • • • • • • • • • • • • • • • • • 1 
15 • • • • • • • • • • • • • • • • • • 1 
14 • • • • • • • • • • • • • • • • • • 0 
13 • • • • • • • • • • • • • • • • • • 0 
12 • • • • • • • • • • • • • • • • • • 1 
11 • • • • • • • • • • • • • • • • • • 1 
10 ••••••••••••••••••• 0 
9 • • • • • • • • • • • • • • • • • • 1 
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-
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-
Q3 19.5 M - 18.3 
-
Md 19.1 S.D. 2.8 
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Graph 7. Distribution of Scores on Test 7. 
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very good with 23 of the 33 scores appearing in the two 
highest intervals. The highes-t possible score in Test 7 
was 20. The median was 19.1, Q3 : 19.5, Q1 : 18.5 and 
Q : 0.5. 88 per cent of the class lies within M! lS.D. 
TABLE VIII. DIVISION~SUPPLYING THE MISSING NUMBER 
IN THE DIVISION ALGORISM 
II 
il 
:I In this test, the pupil is required to understand all 1 
of the relationships involved in the division algoris~, - , 
_, 
tilthough the answers require the use of regrouping, any part 1 
of the algorism which is omitted S.Jff ects the interrelation-
ship of the ~group~ being considered. The pupil with a mean-
ingful background in group operations has little difficulty 
reorganizing the group situation to conform with the terms 
of the problem. Since the division facts with dividends over 
25 are included here also, no doubt a substantial amount of 
transfer took place. 
Graph 8 shows a heavy concentration of scores in the 
highest two intervals, 22 of the 33 scores being found there. 
The highest possible scar~ in Test 8 was 28. The 
I 
'I 
11 
i! 
median : 26.0, % : 27.4, Q1 = 22.7 and Q : 2.4. 
of the class fell within M-::!' 1 S.D. 
79 per cent 11 
I 
II 
I 
I 
:I 
II 
il ==== =~=-=-= r 
Table VIII. Distribution of Scores on Teat 8. 
Supplying the _Missing Number in 
the Division Algorism 
Scores Frequency 
27-28 • • • • • • • • • • • • • • • 17 
25-26 • • • • • • • • • • • • • • • 5 
23-24 • • • • • • • • • • • • • • • 3 
21-22 • • • • • • • • • • • • • • • 1 
19-20 • • • • • • • • • • • • • • • 0 
17-18 • • • • • • • • • • • • • • • 1 
15-16 • • • • • • • • • • • • • • • 0 
13-14 • • • • • • • • • • • • • • • 1 
11-12 • • • • • • • • • • • • • • • 4 
9-10 • • • • • • • • • • • • • • • 0 
7- 8 • • • • • • • • • • • • • • • 1 
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Table Dt. (A) Di.stribution of Total Scores 
on Testa l Through 8 
Scores Frequency 
22:4•233: • • • • • • • • • • • • • 6 
214-223 • • • • • • • • • • • • • 11 
204-213 • • • • • • • • • • • • • 4 
194-203 • • • • • • • • • • • • • 2 
184-193 • • • • • • • • • • • • • 2 
174-183 • • • • • • • • • • • • • 2 
164-173 • • • • • • • • • • • • • 2 
154-163 • • • • • • • • • • • • • 0 
144-153 • • • • • • • • • • • • • 0 
134-143 • • • • • • • • • • • • • 0 
124-13~ • • • • • • • • • • • • • 1 
114-123 .. 0 • • • • • • • • • • • • • 
104-113 • • • • • • • • • • • • • 1 
94-103 • • • • • • • • • • • • • 0 
84- 93 • • • • • • • • • • • • • 1 
N 33 
M 198.3 
S.D. 28.8 
'I I 
I 
I 
'I 
Table IX. (B) Distribution of Total Time (in Seconds) 
Elapsed During all 8 Testa 
II ==========~=================!I 
I' 
II 
II 
Time ElaEsed Freq;uencz 
2032-2129 • • • • • • • • • • • • • • • • • • 1 
1934-2031 • • • • • • • • • • • • • • • • • • 3 
1836-1933 • • • • • • • • • • • • • • • • • • 1 
1738-1835 • • • • • • • • • • • • • • • • • • 2 
1640-1737 • • • • • • • • • • • • • • • • • • 1 
1542-1639 • • • • • • • • • • • • • • • • • • 1 
1444-1541 • • • • • • • • • • • • • • • • • • 3 
1346-1443 •••••••••••••••••• 3 
1248-1345 •••••••••••••••••• 2 
1150-1247 • • • • • • • • • • • • • • • • • • 5 
1052-1149 • • • • • • • • • • • • • • • • • • 2 
954-1051 • • • • • • • • • • • • • • • • • • 3 
856- 953 • • • • • • • • • • • • • • • • • • 1 
758- 855 • • • • • • • • • • • • • • • • • • 3 
660- 757 • • • • • • • • • • • • • • • • • • 2 
N 33 
M = 1325 Seconds 
S.D. : 402 Seconds 
----
I 
11 
I 
\. 
1 
----= -----=--~~~ ~ -- --- -----=---
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III. CORRELATION S'l'UDY ' 
The Pear,son-Product moment formula was used to find 
the degree of relationship between multiplication and divi-
sion tests which were based upon common quantitative concepts. 
1. Since Test 1 (Multiplication - Supplying the 
Missing Product) and Test 6 (Division- Supplying the Missing , 
Quotient} involve arithmetical recall based upon the funda-
mental concept of grouping, the correlation between the two 
tests was determined. This correlation was .73 which was 
statistically significant. The correlation of .73 showed 
a marked tendency for those who did well on Test 1 to do 
well on Test 6 and for those who did poorly on Test 1 to do 
poorly on Test 6. 
2. Test 2 (Multiplication - Modified Algorism) and 
Test 7 (Division - Modified Algorism) likewise have a common 
base in the verbal expression of a quantitative concept of' 
grouping. Test 2 asks for the size of a single group com-
posed of a certain number of equal groups. Teat 7 gives the 
size of the single group and size of one of the equal groups 
composing it and asks for the number of such groups. These 
tests, therefore, require of the pupil an understanding of 
all the multiplication fact relationships involved in a 
single group, whether we call it product or dividend. The 
correlation between Test 2 and Test 7 was .70, which was 
=~==o.--'-'=-"-= -====== ----
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II 
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statistically significant. It is probable that a pupil who 
scored high on Test 2, would do as well on Test 7, and such 
seems to be the case. 
3. Test 3 (Multiplication - Supplying the Missing 
Factor in the Multiplication Algorism) and Test 8 (Supplying 
the Missing Number in the Division Algorism) also involved 
concepts of grouping common to products and dividends. The 
multiplication examples required knowledge of a missing 
factor when the product was given. The division concept 
added another relationship to the example, in that, in 
various examples, the quotient, divi sor or dividend were 
required. The correlation between Test 3 and Test 8 was 
.78 which was statistically significant. 
4. A correlation was also determined between total 
scores (number of examples done correctly) and total elapsed 
time. This correlation was negative, being -.78 which was 
statistically significant. This indicated a marked degree of 
correlation between accuracy and speed; i.e.)those pupils who 
took the least time to complete the tests also obtained the 
highest scores. 
5. Since tests number 6, 7 and 8 were designed to in-
clude equal amounts of taught and untaught division facts, 
correlations between taught and untaught division facts for 
these .3 tests were also worked out and resulted. as follows: 
Test 6 
Test 7 
Test 8 
. . . . . . . 
••••••• 
....... 
.76 
.51 
.70 
l' 
I 
II 
I 
I 
i 
I 
I I 
I 
I 
I 
These results, which are statistically significant, 
would seem to indicate that children who have mastered 
the multiplication facts wi th understanding, and who have 
been taught the concepts of division meaningfully, will carry 
I the se understandings into the area of untaught division facts. 1 
The lower correlation of Test 7 (.51) perhaps may be attrib-
uted to the small number of items in each of the test parts 
(10 taught and 10 untaught) and the low variability in per-
formance. 
A perusal of the following three percentage tables 
for tests 6, 7 and 8 perhaps would amplify the picture of 
the test results as shown by the correlations. It should be 
noted that in Test 7, 76 percent of the class scored 100 
per cent on the taught facts, and 58 per cent of the class 
scored 100 per cent on the untaught facts. 
In table X it is observed tha t 40 percent of the class 
received 100 per cent in the taught facts and 49 per cent of 
the class received 100 per cent in the untaught facts. Like-
I 
II 
wise it should be observed tba t 33 per cent of the class 
worked 90 to 99 per cent of the taught facts correctly and 
ll 9 per cent of the class worked 90 to 99 per cent of the un-
I taught facts correctly. The remainder of this table and the 
two which follow it are to be interpreted in a similar way. 
I 
I 
II 
I 
I 
I 
I 
I 
l 
'I 
I 
I 
I 
I 
I 
.I 
II 
I 
I 
:I 
'I 
I 
II 
i! 
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TABLE X 
PERCENTAGE DISTRi lBUTIOii OF TE::>T 6 
I . DIVISION SUPPLYING THE MISSING QUOTIENT 
Per cent of Items Correct Per cent of Children 
Taught Facts Untaught Facts 
100% 40% 49% 
90-99% 33% 9% 
80~89% 12% 12% 
70-79% 6% 3% 
69% or less 9}6 27% 
- - - ---=---=-;;___-~-~ 
-=----= _..;:.·~· - --· - - . --
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TABLE XI 
PERCENTAGE DISTRIBUTION OF TEST 7 
'' =:==============· =D=I=V=I=S=IO=N==M=O=D=I=F:f:r===A=LG==O=R=I=S=M================
1
1 
I 
I 
il 
I 
Per cent of Items Correct 
100% 
90-99% 
80-89% 
70-79% 
69% or leas 
Per cent 
Taught Facta 
76% 
12% 
6% 
3% 
3% 
of Children 
Untaught Facta 
58% 
15% 
12% 
6% 
9% 
-==:.,.._- -=-:.:=:..- ' --- --- --~ --=t~-==-----=-co_-==c-=-=- -- =~c.==="'==--===-=.-1------
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TABLE, XII 
PERCENTAGE DISTRIBUTION OF TEST 8 
SUPPLYING THE MISSING NUMBER 
IN THE DIVISION ALGORISM 
I · 
I 
II 
Per cent of Items Correct Per cent of Children 
~aught Facts Untaught Facts 
100% 58% 49% 
90-99% .- 6% 15% 
80-89% 18% 9% 
70-79% 9% 6% 
69% o!' less 9% 21% 
I 
I 
- - --- ,l-=-~-=====·~-=-==-=--==-===- ==~~''---'-.-'-" =-·=== 
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Cone lus :l ona for C orre la. tiona 
l. 
2. 
3. 
Where children have been taught meaningful arith-
metic it would seem that a fair degree of correla- 11 
tion exists between the mastery of the multi pli- I 
cation facta and the corresponding division facta. I 
I 
I Vlliere multiplication facta have been taught with 
understanding there is some indication that a 
certain amount of transfer takes place when study- 1 
I 
ing the division facts. 
There seems to be a substantial degree of correla- 1 
tion between accuracy and speed in the mastery of I 
the multiplication and division facts. 
4. When the division facts with dividends up to 25 
have been taught meaningfully 1 subsequent to the 
mastery of the multiplication facts, the pupil 
seems to have acquired the ability to extend and 
transfer his understandings to include most of 
the division facts. 
-=-=- = =- -,=-- --=- -= 
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'I 
I 
II 
I 
I 
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CHAPTER V 
CONCLUSIONS AND LIMITATIONS 
I. CONCLUSIONS 
1. The mastery of factor relationships gained by a 
pupil who has been taught arithmetic meaningfully 
will manifest itself in a high degree of skill in 
recall when factor-product relationships are in-
volved. 
2. Pupils who have been taught meaningful arithmetic 
I 
I 
I, 
evidence an understanding of group relationshi~in 
multiplication even when the familiar multipli-
cation algorism is replaced by a combination of 
words and digits. Such pup~ls are able to recon-
struct new relationships using previously acquired 
understandings. 
3. Pupils who have been taught arithmetic meaningfully 
evidence a high degree of proficiency in reorgan-
izing multiplication concepts to meet a new 
situation. 
4. Reconstruction of the addition examples for which 
the multiplication fact is the abort form presents 'I 
no particular difficulty to a class which has been 
taught meaningful arithmetic. 
- - ==- =-==--:- -~ --=--=----==-=~ ---
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5. Pupils who have been taught arithmetic meaning-
fully give evidence of understanding how to 
analyze a so-called multiplication table and 
supply a missing interval of the table. 
6. Pupils who have been taught multiplication mean-
ingfully have little difficulty in extending the 
grouping idea to include division. During this 
extension and reorganization of quantitative 
relationships, a substantial amount of transfer 
probably takes place. 
II. LIMITATIONS OF THE STUDY 
1. This study was based upon the results obtained 
2. 
3. 
by testing only one class of thirty-three children 
which is not sufficient for accurate interpreta-
tiona. 
No control group was used in this study. 
There were no standardized teats available of this 
type w:lth which to compare norma. 
4. In this pilot study no attempt was made to vali-
date the tests statistically nor to measure 
their reliability. 
III. SUGGESTIONS FOR FURTHER STUDY 
1. A study of the correlation between untaught 
\i 
*!'==================-=-~=--=================== 
I 
! 
II 
II 
I 
I 
' 
:I 
I 
I 
I 
•I 
'I 
.I 
division facts and the corresponding 
plication facta. 
-~- --- --r --- = -
taught multi- '1 
2. A study of the correlations between 
I 
taught multipli- 'I 
:, 
cation facta and untaught division facts using a 
control group 1 one class having been taught by the 
traditional method and the other by meaningful pro-
cedures. 
3. A study of meaningful methods which would facilitate 1 
the transfer of training. il 
4. A a tudy on the transfer of training by a low learners \! 
who are taught by the meaningful method with a li 
slow learner group taught by the traditional method 1! 
as a control group. 
5. The reliability should be determined for those 
arithmetic tests in this study which attempted to 
measure meaning. 
6. Validity shou1d be established for those arithmetic 
I 
I 
I 
I 
teats in this study which attempted to measure 1l 
meaning. 
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DETAILED DIRECTIONS FOR ADMI NISTERING TEST 1. 
Before giving out the teat be sure you have every 
child's undivided attention. Say to the class, holding up 
11 a copy of the teat: "I AM GOING '1'0 GIVE EACH ONE OF YOU A 
,I 
COPY OF THIS TEST. I SHALL PLACE IT FACE DOWN UPON YOUR DESK. 
DO NOT WRITE ON IT UNTIL I TEL~ YOU WHAT TO DO." 
Place a test face down on each child's desk. Then 
"WRITE YODR NAME X ON THE BACK OF THE TEST SHEET." 
Wh en this has been done say: "THIS TEST HAS SOME I NTERESTING 
THINGS FOR YOU TO DO IN ARITHMETIC. I WANT YOU TO DO AS MANY 
EXAMPLES AS YOU CAN. YOU MAY NOT FINISH ALL OF THEM. WHEN 
YOU FINISH, LOOK UP AT THE FRONT BOARD. WRITE AT THE TOP OF 
YOUR PAPER THE NUMB:HR WH ICH YOU SEE THERE. (This is a. record 
of the time elapsed and the number will be changed every 20 
seconds.) DO NOT BEGIN m~TIL I SAY, GO AND WHEN I SAY STOP 
1 PUT YOUR PENCILS DOWN. 
TEST 1. MULTIPLICATION - SUPPLYING THE MISSING PRODUCT 
"NOW TURN OVER YOUR TEST LIKE THIS." (Demonstrate) 
'I 
II 
LOOK AT THE TOP OF THE PAGE HERE (Point) WH ERE IT SAYS 
"DIRECTIONS". It says, COMPLETE THE MULTIPLICATION FACT 
BY WRITD:rG- THE MISSING PRODUCT. NOW FI ND THE SAMPLE I N THE 
FIRST BOX. (Point to the sample.) WATCH WHILE I DO THIS ON 
THE BOARD. Sample items should be put on the board for 
-- -- -~-
II 
I ,, 
li 
I 
II 
II 
:1 
I 
I 
,, 
I 
ll 
demonstration. Point to s Emple 2 x 3 = WHAT IS THE 
RIGHT ANSVrnR TO THIS EXAMPLE? (Pause for an answer) __ YES, 
6 IS RIGHT • NOW TAKE YOUR PENCIL AND WRITE 6 AS THE ANSWER 
TO THE FIRST SM~PLE. NOW LOOK AT THE SECOND S~~PLE, WHICH-
READS 5 x 5 WHAT IS THE RIGHT ANSWER TO THIS EXAMPLE? 
(Pause for answer) YES 25 IS RIGHT. WRITE THE CORRECT 
ANSWER TO THE SECOND SAMPLE IN THE PROPER PLACE. NOW PUT 
YOUR PENCIL DOWN. DO NOT TAKE YOUR PENCILS AGAIN UNTIL I 
SAY READY * GO oJr DO AS MANY EX.AMPLES AS YOU CAN. START 
AT THE TOP OF EACH COLUMN AND FOLLOW THE EXAMPLES AS THEY 
ARE NUMBERED DOWN THE PAGE. (Demonstrate) NOW * READY * GO. 
Give no further help. As each child finishes his test, be 
sure that he has recorded the elapsed time at the top of 
the paper. When only three or four children are still 
working on the test say: STOP and collect the remaining 
papers. 
/ 
TEST l. MULTIPLICATION - SUPPLYING THE MISSING PRODUCT 
DIRECTIONS: Complete th& multiplication fact by writing 
the missing product. 
SAMPLE SAMPLE , 
2 X 3 = 5 
X 5 
-
- --
1. 3 4 26. · 5 X 7 -.X: 
- --
2. 2 5 27. 9 X 3 -X 
- -
- - -
3. 4 X ' 2 28. 6 X 5 --
-
-
4. 3 5 29. 7 X 4 -X 
-
-
.. 
5. 2 6 30. 6 X 6 
-· X -
-
6. 4 3 31. 5 X 9 -X 
- -
-
7· 2: . X 7 32. 1: 4 X 8 -
-
8. 9 2 33. 3 X 9 -X 
-
--
9. 2 2 34. 6 X ·.7 
-
X 
-
--
10. 3 6 35. X 
-
5 X 8 
-
-
-
11. 5 4 36. 7 X 7 -X = -
12. 7 3 37. 6 X 9 -X 
-
-
-
13. 4 4 38. 8 X 5 
-
X 
-
-
14. 6 4 39. 8 X 6 -X -
--
15. 3 8 40. 5 X 6 -X 
- -
-
16. 2 1 41. 6 X 8 -X ·- - -
- ' 
17. 3 7 42. 7 X 9 -X 
- -
18. 5 3 43. 7 X 5 -X - --
19. 7 X 2 = 
44. 8 X 8 
20. 3 3 45. 7 X 6 -X 
- -
-
21. 2 X 9 
-
46. 8 X 9 
-
-
22. 2 4 4'/. 7 X 8 X 
- -
- -
re. 4 6 48. 9 X 9 X 
-
-
24. 2 8 49. 4 X 7 X 
- -
- -
25. ; 5 2 50. 8 X 4 -X 
-
-
TEST 2 MULTIPLICATION - MODIFIED ALGORISM 
DIRECTIONS: 
Put a circle. around the r.ight answer. 
SAMPLE SAMPLE 
How much are eight 3's'l How much are 6 nines? 24 42 56 63 64 36 · 42 54 56 7·2 ' 
1. How much are two 5 1 s? 11. How much are 4 :fours? 
8 10 12 14 16 10 14 16 18 20 
2. How much are three 6 1 s? 12. How much are 2 fours? 
10 l2 14 18 20 8 9 14 16 18 
3. How much are four 6' s 'l 13. How much are 4 fives? 
16 20 24 25 :30 9 10 16 20 24 
I 
4. How much are two 7's'l 14. How much are 2 nines'f 
10 12 14 15 17 11 12 14 16 18 
5. How much are two 6 1 s1 15. 
. . How much are 5 tb.rees'f 
12 15 ro 30 35 9 15 20 24 28 
6. How much are four 9 1 s? 16. How much are7 fours? 
20 27 36 42 63 7 14 00 24 28 
7. How much are · eight 5's'l 17. How much are 8 nines? 
14 16 00 40 45 48 56 64 72 81 
8. How' much are s 1x 6 1 s'l 18. How much area fours? 
16 24 36 40 48 20 24 32 36 40 
9. How much are five 5 1 s'l 19. How much areS fives? 
14 20 25 30 35 10 20 30 35 40 
lO.How much are nine 3 1 s'l 20. How much are9 sixes? 
9 18 27 36 45 15 24 36 48 54 
TEST 3 MULTIPLICATION - SUPPLYING THE MISSING FACTOR 
IN THE MULTIPLICATION ALGORISM 
DIRECTIONS: · write the missing factor in the · box 
SAMPLE 
! XL_j: 4 
c::J . X 3 : 18 
1. e. 5. 
SAMPLE 
6 
X U 
12 
22. 
CJ X 7 a 42 c;:l X X I I = 3 6 X 
15 
' 
2. 9. 6. 23. 
4 
L.Jx8: 64 X D X c=I X 5 a 10 
24 
3. 10. .7. 24. 
9 X D = 36 
I I X 3 = 9 X 12 X 
a> 
4. 11. a. 25. 
3 
4xQ: 8 S X CJ: 32 q X 
X 
24 
5. 12. 9. 26. 
5 
6xl-!: 24 6 X CJ: 54 X D 
X 
~5 
6. 13. !(). 27. 
6 
3 X CJ: 21 CJx 7 -
-
63 X 0 
X 
36 
7. 14,. 
rx 
28. 
7 
LJx 9 - 81 0 C:lx 5 : 30 - X 
49 
9 
48 
7 
0 
56 
3 
u 
?:7 
7 
CJ 
28 
9 
72 
8 
CJ 
40 
y 
45 
, 
TEST 4. MULTIPLICATION - AS A SHORT FORM OF ADDITION 
DIRECTIONS: Under the right addition column put the answer that 
is the same as the answer you see in the multiplication example. 
SAMPLE S~P~ 2 
2 5 2 
2 2 4 5 5 2 5 2 
2 2 4 2 ~ X2 5 x5 5 . 2 
x4 2 4 2 IO' - - 2 8 - -
I~ 1 7. 13. 3 
1 3 3 1 1 3 4 3 9 
x5 1 5 5 4 3 4 3 9 3 3 3 9 5 5 1 xl 5 x3 3 4 4 x4 x3 3 3 x9 9 
- - - - !2 - - -- 27 - - ~ -
2. 2 8. 3 14. 0 9 2 6 3 0 9 9 2 2 6 3 6 3 6 0 
x2 9 x9 2 x3 x6 6 3 6 0 ' 5 0 5 !8 - - 2 9 I8 - - - - x5 xo 0 5 5 
2 9 0 - - - -
-2 
-
3. 2 9. 7 15. 
2 5 7 2 5 5 7 1 
2 5 2 5 5 7 5 5 7 7 l 1 1 
x5 5 2 ,2 X2 X5 5 x7 7 7 xl 2 l 1 xl !0 - - 35 - - - ,. - - - -
4. 2 10. 6 16. 
2 6 5 8 2 6 5 8 8 9 2 9 2 2 6 5 6 5 6 8 8 8 4 8 
x2 2 9 2 x9 X5 x6 6 5 6 ~4 8 8 x8 8 18 - - - - 30 - - - - 32 - - - --
5. 11. 8 17. 4 
8 4 7 2 3 8 5 7 4 7 3 2 3 2 3 8 8 5 5 5 7 7 4 4 -7 X2 2 3 x3 3 x5 . 8 x8 5 5 x4 7 x7 4 7 
- - - -6 40 - - 2tS - - - -
6. 12. 18. 4 3 4 9 4 4 4 7 3 4 9 4 4 4 4 4 7 7 '7 3 3 9 4 9 4 9 
-x4 4 4 x4 x3 -7 7 x7 3 x4 4 9 x9 9 
-- -
TEST 5. MULTIPLICATION - WRITING THE NEXT FACT IN 
~~GNITUDE IN A GIVEN TABLE 
DIRECTIOl~S: Write the multiplication fact that belongs 
SAMPLE 
4 X 3 
-
12 
4 x · 4 
-
16 X 
-
-
X 
-
2 X 3 
-
6 
- -2 X 4 
-
-
8 
4 X 6 24 2 X 5 
-
10 
- -
1. 5. ·~~ 
2 X 6 
-
12 6 X 3 
-· 
18 3 X 6 
- -6 X 4 
-
24 
-I, X 
- I I X 
-~ X 8 . • 16 I' X - I 
2 X 9 
-
18 3 X 8 
- 6 X 6 
-
36 3 X 9 
-
2. 6. 10. 
3 X 3 
-
9 7 X 2 
-
14 5 X 6 
- -3 X 4 12 7 X 3 21 5 X 7 
- -
-3 X 5 
-
15 7 X 4 
-
28 
-I X • I L X -- I I X 
5 X 9 
3. 7. 1.1. 
8 X 6 
I X 
- I I X : I 8 X 7 8 x · 8 
4 7 28 8 3 24 X = X -- I 4 X 8 - 32 8 X 4 - 32 X 
- -4 X 9 : 36 8 X 5 
-
40 
4. 8. ·1.-:~. 
5 X 3 
-
15 9 X 4 
-
36 I X 
-9 I X 
-
I X 5 
-
45 
- 6 X 7 
5 X 5 • 25 I X : I 6 X 8 
5 X 6 
-
30 9 X '1 
-
63 6 X 9 
-
in the box 
-
18 
-
-
I 
-
24 
-
27 
-
-
30 
- 35 
-
-
- I 
-
: 45 
-
48 
-
-
56 
-
-
64 
-
= 
I 
-
• I 
-
42 
-
48 
-
-
54 
-
TEST 6 DIVISION - SUPP'LYING the missing Quotient 
DIRECTIONS: complete e ach division fact. 
SAMPLE SAMPLE 
2) 6 5) 25 
3) 12 5) 20 2) 18 5) 45 6) 48 
2) 10 4) 16 2) 8 4) 32 7) 63 
4u) 8 7) 21 . 4 ) 24 3) 27 7) 35 
3) 15 6) 24 2) 16 6) 42 8) 64 
. 2) 12 2) ·_2 5) lO 5) 40 ' 7) 42 
4) 12 . 3} 21 5) 35 7) 49 8) 72 
2) ' 14 3) 24 9) 27 6) 54 7) 56 
9) 18 5) 15 6) 30 9) 81 
2) 4 7) 14 7) 28 8) 48 4) 28 
3) 18 3) 9 6) 36 5) 30 8) 32 
TEST 7 DIVISION MODIFIED ALGORISM 
DIRECTIONS: .-
Put a circle around the number that tells how many. 
SAMPLE · SAMPLE 
How many 2's in 12't How many 3's in 9'? 
3 4 6 a 9 2' 3 4 6 '. 7 
1. 11. 
How many 2' s in 101 How many 4's in 36'? 
2 3 4 5 6 3 5 6 :· a 9 
2. 12. 
How many 3 1 s in 18'? How many a•s in 40'? 
2 .3 4 5 6 3 5 7 8 9 
• 13 • 
How many 4 1 s in 241 . How many 6's in 481 
2 3 5 6 7 . 3; 4 5 6 a 
• 14 • 
How many 4's in 16'? How many 7's in 35'? 
1 2 4 6 8 3 4 5 6 8 
• 15 • 
How many 2' s in 14'? · How many 3 1 s in 27? 
3 4 5 6 7 4 5 6 8 9 
,• '16. 
How many 4's in 8-? How many 4 's. in 27? 
0 1 2 3 5 2 3 4 7 9 
.. 
• 17 • 
How many 9' s in 18't How many 8's in 72-? 
2 3 4 5 9 4 5 7 8 9 
a. 1a. 
How ·many 5 1 s in 20'? How many 4's in 32'? 
2 3 4 6 a 5 6 7 a 9 
• 19 • How many 6 1 s in 121 How many 5 1 s in 301 
1 2 3 4 6 3 4 6 7 a . 
o. 20. 
How many 4 1 s in 201 How many 9's in 54'? 
2 3 4 5 6 4 6 7 a 9 
!. 
2. 
3. 
4. 
5. 
6. 
7. 
TEST 8. DIVISION - SUPPLYING THE MISSING NUMBER 
IN THE DIVISION ALGORISM. 
DIRECTIONS: Put the right number in the box. 
SAMPLE 6 SAMPLE 3 
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